Sena! \a: (U 57 kl^4 



IN THE UNITED STATES PATENT AND T.RADEMAEK. OFFICE 
Before the Board of Patent Appeals and Interfereoces 



in re the Apptlcatioti of 
Inventor : Gary A. Schwartx 

Application No. : 10/574,184 
Filed : March 30, 2006 

For : ULTRASONIC VOLUMETRIC IMAGING 

BY COORDINATION OF ACOUSTIC 
S AMPLING RESOLUTION, V OLUMETJRIC 
LINE DENSITY, AND VOLUME IMAGING 
RATE 



APPEAL BRIEF 

On Appeal from Group Art Unit 3737 
Examiner Joseph M. Santos 



W. Brinton Yorks, Jr, 

US PHILIPS CORPORATION 
22100 Bothell Everett Highway 
BotbelJ, \¥ A 98021 
Phone: (425) 487-7152 
Fax: (425)487-8135 
email: hrint.york$@phtUps.cont 

Attorney for Appellant 



i 



AFP! \! 
Sena! \a: (U 57 kl^4 



TABLE OF CONTENTS 

Page 



L REAL PARTY IN iNTEREST...,,...,,...,,,,,-.......,...., 3 

II. RELATEO APPEALS Am INTERFERENCES 3 

IlL STATUS OF CLAIMS...,....,, 3 

IV, STATUS OF AMENjBiVEENTS 3 

V. SUMMARY OF CLAIMED SUBJECT MATTER 4-7 

TI. CiROUiNDS OF RE^IECTiON TO BE REVIEWED 

ON APPEAL,.^.. .........,„.,,..,... 7 

Vlh AR<ilIMENT 8-16 



A. VVhetber the objection to the fbmi of dependent 
Claims 2-8 and 10-16 is proper 

B. Whether Claims 1-9 and 14-15 were correctly rejected 
under 35 li.S.C. § 103(a) a^s being unpatentable over liS Pat. 
5,797,846 (Seyed-Bolorforosh et al.) 

C Whether Claims 10-13 and 16 were correctly rejected 
under 35 U.S.C. § 103(a) as being unpatentable over Seyed- 
Bolorforosh et al. in view of U.S. Pat, 6,551,246 (Ustuner et al.) 



CONCLUSrON 16 

APPENDIX A: CLAIMS APPENDIX ........................ 17-21 

.APPENDIX.B: .FMDENCE APPENDIX............. 22 

APPENDIX C: RFXATED PROCEEDINGS APPENDIX...... 23 



2 



Sena! \a: (U 57 kl^4 

I. REAL FARW IN INTEREST 

The real party in interest is Koniiiklijke PMiips Electronics N.V., 
Eindhoven, The Netherlands by virtue of an assignment recorded March 
30, 2006 at red 017765, frame 0582. 

n. RELATED APPEALS AND INTERFERENCES 

lliere are no related appeals or interltTences. 

liL STATUS OF CLAIMS 

This application was originally filed with Claims 1 -22. Claims 17- 
22 were carsceled. Tb& remaining Claims 1-16 stand finally rejected and 
are the subject of this appeal, 

IV. STATUS OF AMENDMENTS 

No amendments or other filings were submilted in response to the 
final rejection mailed October 1 9, 2009. A notice of appeal was timely 
filed in an extended month on January 20, 2010. 
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V. SUMMARY OF THE CLAIMEP SUBJECT MATTER 

The subject matter of the clainied mvention is an ultrasonic 
diagnostic imaging system for three-dimensional (3D) scanning and 
imaging. It is known that when an image area, such as a plane of the 
body which is to be imaged with a two-dimeiisiooal (2D) ultrasound 
image, is scanned, it is necessary to adequately spatially sample the 
image plane with a sufficient number of beams which are apprapriately 
spaced to cover the image area. When the beams are too widely spaced 
apart the image area is not adequately spatially sampled and image 
artifacts will arise. These spatial aliasing artifacts will manifest 
themselves as an annoying shimmering of the image. The well 
established solution to this problem, as done by Seyed-Bolorforosh, is to 
transmit more beams so as to fill in and sample the spaces between the 
widely spaced beams. 

But when 3D imaging is done, the problem becomes more 
complex. In 3D imaging the beams are transmitted to scan a volume, not 
simply a plane, histead of needing only a hundred or so beams to scan a 
plane, many hundreds or thousands of beams are needed to scan the 
volume. This is because a volume does not have simply an azimuth 
(width) and a depth dimension as does an image plane, it has a third 
dimension referred to in ultrasound as the elevation dimension. The time 
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required to fully scan the voiui^ie with beams determines the frame rate of 
the live image display, and with more beams to transniit and receive the 
frame rate of display can decline to an unacceptable level for live 
imaging. Hence, when the volume is spatially undersampled, the time- 
honored solution of filling in the volume with even more transmitted 
beams w^ili increase the time required to &lly scan the volume, causing 
the frame rate of display to become even worse. 

The present invention solves this problem in an elegant way which 
does not degrade the frame rate. Instead of transmitting more beams, the 
beamformer of the ultrasound system conti"ols the point spread function of 
the beams in both azimuth and elevation to adequately spatially sample the 
volume in both dimensions. As the line density decreases to increase the 
frame rate of display, for instance, the controlled point spread function 
increases the beam density profile to adequately spatially sample the 
volume in both azimuth and elevation. As a result, the frame rate can be 
increased in 3D imaging wiliiout causing artifacts from spatial 
undersampiing. 

Independent Claims 1 and 9 are supported by the drawings and 
specification as seen by reference numerals (#) of the drawings and the 
specification text (pg., In) as follows: 

I . An ultrasonic diagnostic imaging system for three 
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dimensional scanning comprising: 

a iwo dimensional aiTay iransducer {#12; pg. 8, In 1-6} 
having a plurality of Iransducer elements; 

a beamfomier {#18; pg. 8, In 6-14; pg. 9, in 8-25) coupled to 
the array transducer which causes tiie transducer to scan a vohimetric 
region with a plurality of transmit beams and to receive echo infoi-mation 
in response to transmit beams, the beamfonner controlling the point 
spread functions of beaiBS transmitted and/or received by the beamformer 
in the azimuth and elevation dimensions; 

an image processor {#38; pg. 9, In 1-2} coupled to the 
beamlbmier which produces image signals in response to the echo 
infonBation; and 

a display {#40; pg. % In 2-3} coupled to the image 

processor, 

wherein beams produced by the beamformer exhibit a first 
point spread function when the volumetric region is scanned with a first 
line density and a second point spread function when the volumetric 
region is scanned witli a second line density {pg. 2, In 5-8; pg. 12, In 9- 
B}. 

9. An ultrasonic diagnostic imaging system for three 
dimensional scanning comprising: 

a two dimensional array transducer {#12; pg. 8, In 1-6} 
having a plurality of transducer elements; 

a beamformer {#18, #22; pg. 6, In 22-25; pg. 8, In 6-14; pg. 
9, In 15-22} coupled to the array transducer which causes the transducer 
to scan a volumetric i-egion with a plurality of transmit beams and to 
receive echo infonnaiion in response to transmit beams, the beamformer 
controlling tlie point spread iiinctions of beams transmitted and/or 
received by the beamformer in the azimuth dimension and the elevation 
dimension by control of the aperture function of the array transducer; 

an image processor {#38; pg. 9, In 1-2} coupled to the 
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beamformer which produces image signals in response to the ^ho 
infomiation; and 

a display {#40; pg. 9, in 2-3) coupled to the image 

processor, 

wherein the beamfomier utilizes a first aperture function 
when the volumetric region is scanned with a first line densit>' and a 
second aperture function when the voiuinetric region is scanned with a 
second line density {pg. 9, In 20-29}. 

VI. GROUNDS OF REJECTION TO HE REVIEWED 
ON APPEAL 

A. Whether the objection to the form of dependent Claims 2-8 
and 10-16 is proper 

B. Whether Clain^ 1-9 and 14-15 were con-ectly rejected under 
35 IJ.S,C. § 103(a) as being unpatentable over US Pat. 5,797,846 (Seyed- 
Bolorforosh et aL) 

C. Whether Claims 10-13 and 16 were correctly rejected under 
35 U.S.C. § 103(a) as being unpatentable over Seyed-Bolorforosh et al. in 
view of U.S. Fat. 6,551 ,246 (Uslnner et al.) 
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VIL ARGUMENT 
A. Whether the objection to the form of dependent Ckinis 
2-8 and 10-16 is proper 

Claims 2-8 and 10-16 were objected to as failing to set fiirth any 

additioiiai structural limitation. These claims are all dependent claims, 

the requirements for which are set forth in 37 CFR §:L75(b). This mle 

requires that a dependent claim must refer to a previous claim, 

incorporate the limitations of the claim(s) to which the dependent claim 

refers, and specify a further limitation of the subject matter of the 

previous claim. It is respectfully submitted that each of these claims meet 

all of these requirements. Claims 2-8 refer ultimately to Claim 1 , include 

all limitations of previously referenced claims, and further limit the 

subject matter of previous ciaims. Claims 2, and 6-B further limit the 

point spread function of Claim 1 , Claims 3 and 5 further limit the Iransmit 

beams of Claim. 1 , and Claim 4 further limits the line densities of Claim 

1. Claims 10-16 provide forther Umitations of the aperture function and 

apodization function limitations of previous claims. Accordingly it is 

respectfully submitted that Claims 2-8 and 10-16 meet all of the 

requirements of 37 CFR §1.75. 
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B. Whether CJaims 1-9 and 14-15 were correctly rejected 
otider 35 U.S.C. § 1 03(a) m being unpatentaMe over US Pat, 5,797,846 
(Seyed-Bolorforosh et ai.) 

Ixi the first Office action, aH of the claims were rejected with 

reference to the Mine and Haider patents. In the fmai Office action those 

rejections were withdrawn and ail of the claims were rejected with 

reference to the Seyed-Bolorforosh et al. and Ustiraer et al. patents. 

Other than mention of the term *'point spread ftmction," it is respectfully 

submitted that none of the references commend themselves to the present 

invention. 

As the claim preambles state, the present invention is an ultrasound 
system for 3D imaging. To scan in three dimensions the claims all recite 
tiie use of a two dimensional array tnmsducer. Neither Seyed- 
Bolorforosh et al. nor lisltiner et al. describe or discuss the use of a two 
dimensional amty transducer, since both are concerned with only 2D 
imaging and make only passing mention of 3D imaging. Seyed- 
Bolorforosh et aL uses a one dimensional array transducer as shown by its 
description of one in column 1, line 16, "a multiplicity of transducers 
arranged in a line." A one dimensional array transducer cannot scan in 
three dimensions and is constrained to scanning in the azimutlial plane of 
a 20 image, "fbe characteristics of the beams in the elevation dimension 

are fixed by the geonietr>'- of the aiTay and its lens. Thus the aiTay cannot 
9 
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affect or vary any beam characteristics or the point spread fanction m 
both the azimuth and elevation dimensions as called for by all of the 
claims of the present application. 

Seyed-Bolorforosh et al. are trying to optimize the beam 
disti-ibutioR over a 2D image to obtain the highest franie rate and least 
acoustic noise while limiting spatial aliasing to an acceptable level. See 
column 2, lines 24-27. The highest frame rate is obtained by transmitting 
the fewest number of beams necessary to scan the image plane witli 
adequate spatial sampling. The solution of Seyed-Bolorforosh et al, to 
accomplishing this objective is to determine how many beams are needed 
in di fferent areas of their sector image field as indicated by the F nomber 
for each area, A sector image is scanned by transmitting beams at 
different angles across the sector. The beams will be closely spaced at 
the top near the transducer, and will diverge and be more widely 
separated at the deeper depths. Their solution to the beam divergence at 
deeper depths is to fill in the spaces between the widely separated beams 
with additional beams at the deeper depths. See column 4, lines 32-47. 
This, of course, reduces the frame rate, a situation they hoped to avoid. 
An implementation of the present invention would solve this problem, not 
by transmitting more beams, but by using a relaxed, broader point spread 
function for the deeper deptlis, thereby insonifying the Ml area with the 
10 
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same number of beams and adeqimteiy scanning the region without 
reducing the frame rate. But since Seyed-Bolorforosii et al do not 
control the point spread flmction of their beams, tiieir only solution can 
be to fill in the spaces between widely spaced beams with additional 
bearas, Seyed-Bolorforosh et ai. similarly recognize that the F number 
increases at the lateral sides of a sector image field due to the steeper 
angle of the beams. Recognizing that clinicians always position the 
aiiatomy of interest in the center of the itnage, Seyed-Bolottbrosh et ai 
decrease the number of beams at the lateral sides, tolerating the resultant 
aliasing artifacts at tlie sides. An itnpiementation of the present invention 
would accomplish this with a tighter, more narrow point spread function 
at the center and a broader, more relaxed point spread fonction at the 
latei-al sides, theniby adequately spatially sampling both regions with the 
same number of beams without aliasing artifacts. 

The solution of Seyed-Bolorforosh et al. to the aliasing artifact 
problem is two-fold as described from the bottom of column 5 to the 
middle of column 6. First, it is to use different numbers of bedims in 
different azimuthal segments of the image. "Ilie aliasing artifact 
characteristic of each segment will thus be different, so instead of seeing 
a continuous scintillating pattern, the aliasing pattern will vary trom 
segment to segment and not be a more distractive, regularly repeating 
11 
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pattern across the iraage. Their second approach is to control the display 
dynamic range level of the system. As the artifact level increases with 
the use of fewer, tnore widely spaced beams, the display dynamic range is 

made l arger. An implementation o f the presen t in vention needs neither o f 
these solutions, as it addresses the problem by point spread function 
control, not by artiiact pattern segmentation or display dynamic range 
control 

Furthermore, Claim 1 recites that the point spread function control 
is produced by the beamfomier exhibiting a first point spread function 
when a volumetric region is scanned with a first line density and a second 
point spread function when the volumetric region is scanned with a 
second line density. Claim 9 recites tliat point spread function control is 
produced by use of a first aperture function when the volumetric region is 
scanned with a first line density and a second aperture function when the 
volumetric region is scanned with a second line density . Neither of these 
limitations are shown or suggested by Seyed-Bolorforosh et al And 
since Seyed-Bolorforosh ei al. me concerned with only 2D, not 
volumetTic, imaging (note tbe reference to lateral point spread function), 
their embodiments cannot do volumetric scanning in both Jizimuth and 
elevation in any event. 
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The dependent claims recite additional limitations not shown or 
suggested by Seyed-Bolorforosh et al For instance, Claim 3 recites the 
use of narrower and broader beam profiles, Claim 4 recites the overlap of 
adjacent beams at siibstantiaMy the same intensity levels. Claims 5-6 and 
14-15 recite common satislaction of tine Nyquist criterion, Claim 7 recites 
the use of a point spread function which is symmetrical in both azimuth 
and elevation, and Claim 8 recites the use of a point spread Imction 
which is asymmetrical in azimuth and elevation. It is respectfully 
submitted that these dependent claims are patentable over Seyed- 
Bolorforosh et al. for these additional reasons. 

For all of these reasons it is respectfully submitted that Claims 1-9 

and 14-15 are patentabie over Seyed~i:Jolorforosh et ai. 

C, Whether Claims 10-13 and 16 were correctly rejected 
under 35 U.SX. §103(a) as being unpatentable over Seyed- 
Bolorforosh et al. in view of U.S. Pat, 6,551,246 (listuner et ai.) 

Ustuner et aL, like Seyed-Bolorforosh et al., confine themselves to 
2D imaging and use a one dimensional array transducer 16 as seen in 
their Figs. 1 and 2(a)-2(c). Tliey are imaging a 2D image plane by a 
combination of what are known as synthetic focus and spatial 

compounding. Synthetic focus is a technique which, instead u!' scanning 

iiiKS of the imaut field with iocitseJ >eanis. trunsnisLs a pluralitv of 

uiUMsound waves which each msonUy {he entire image field. ! hus, 
13 
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echoes cm be received froai every pomt in the image field in response to 
each transmit The transmit diaracteristics are varied from one transmit 
event to another, as by using different transducer eiements or groups of 
elements for each transmit. After all the transmit even is have been done 
and all the reluming echoes collected, signals returned Irom the same 
image point are combined to produce the image signal for that point. The 
technique is called synthetic focus because the combined signal 
synthesi:?:ed by the combining Is similar to a focused eclio due to the 
correlation/'deconreiation etlected by the combining. A b^ic patent on 
synthetic focus imaging is U.S. Pat. 4,604,697 (Luthra et al.) Ustuner et 
a1. transmit two unfocused plane waves, enabling synthetic focus to be 
pertbmied in the triangular area R where their beams overlap (Fig. 2(c)), 

Additionally, Ustuner et al. transmit their two plane waves ai 
different angles, and as shown in Figs. 2(a) and 2(b). Each point 
in the Irianguiar area is thus interrogated by waves Irom different "k«>k" 
directions. When echoes from a point which were acquired from 
different look directions are combined, speckle noise will be reduced by 
the square root of N, where N is the number of look directions, a 
phenomenon known as spatia] compounding. See the first column of 
U.S. Pat. 6^10,328 (Robinson et al) Ustuner et al demonstrate this 
effect in Figs. 20-22. These plots are said to be simulated point spread 
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functions (they do not say what the poiflt spread foiictioiis are), but 
actually they are illustrations of spatial the echo response of their system 
in the z (depth) and x (azimuth) directions for right-steered (+v^) and left- 
steered (~^) plane waves, (Point spread fanction illustrations have an 
amplitude or intensity component as shown by the drawings of the 
present application.) In the response characteristic of Fig. 20, there is a 
large center spot which is the main lobe response, surrounded by many 
smaller spots of echoes from the side lobes of the right-steered plane 
wave beam pattern. Fig. 21 is similar for the le:ft-steered plane wave, but 
it can be seen that the smaller spot echoes from the side lobes are 
differently arranged. When these two patterns are combined the large 
main lobe echoes will additively combine, whereas the imcorrelated side 
lobe responses will not additively combine, resulting in a reduction of the 
side iobe noise by the square root of two, as illustrated by Fig. 22. Like 
Seyed-Boloiforo.sh et al., this all has nothing to do with the present 
invention, like Seyed-Bolorlbrosh et al., this is not a three dimensional 
imaging system., there is no two dimensional array transducer, there is no 
beamformer producing point spread fiunction control in both the azimuth 
and elevation dimensions, and there is no beamformer utilizing a first 
aperture function when a volumetric region is scanned with a first line 
density and a second aperture function w^ien the volumetric region is 
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scanned witli a second line density. For all of these reasons it is 
respectfully submitted that Seyed-Bolorforosh et al, and TJstuner et al 
cannot render Claims 10-13 and 16 or their independent Claim 9 
unpatentable. 

Vlll. CONCLUSION 

Based on the law and the facts, it is respectfiiMy submitted that 
Claims 2-8 and 10-16 are in compliance with 37 CFR § 1.75, that Claims 
1-9 and 14-15 are patentable over Seyed-Bolorforosh et al, and that 
Claims 10-13 and 16 are patentable over Seyed-Bolorforosh et al and 

Ustimer et al Accordingly, it is respectfully requested that this 
Honorable Board reverse the grounds of rejection of Claims 1-16 of this 
application which were stated in the October 19, 2009 Otlice action being 
appealed. 

Respectfiilly submitted, 

GARY A. SCHWAR TZ 

By: /W. Brinton Yorks, Jr./ 
W. Brinton Yorks, Jr. 
Reg. No. 28,923 
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APPENDIX A; CLAIMS AFPENBIX 

The following Claims i-16 are the claims iTivolved in this 

appeal 

1 , (previousiy presented) An ultrasonic diagnostic 
imaging system for three dimensional scanning comprising: 

a two dimensional amty transducer having a plurality of 
transducer elements; 

a bcamformer coupled to the array trausducer which causes 
the transducer to scan a volumetric region with a plurality of transmit 
beams and to receive echo information in response to transmit beams, the 
heamformer controlling the point spread functions of beams transmitted 
and/or received by the heamformer in the aximuth and elevation 
dimensions: 

an linage processor coupled to the bearaformcr which 
produces image signals in response to the echo infonrsation; and 
a display coupled to the image processor, 
wherein beams produced by the beamformer exhibit a first 
point spread function when the volumetTic region is scanned with a first 
line density and a second point spread ftjnction when the volumetric 
region is scanned with a second line density. 

2, (original) riie ultrasonic diagnostic imaging system of 
Claim 1, wherein the point spread function comprises the two-way spatial 
response at a focal region of pulse-echo spatial sampling of the 
volumetric region. 

3, (original) The ultrasonic diagnostic imaging system of 
C iaim \, whcicm thetran^n-t boa-n^ i.xhi^'i't a lol \u\^[\ nanowet beam 
piofllc ai tiic iocus when scanning the \olumcti3c region with a Hjst hnc 
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density, and the transmit beams exhibit a relatively broader beam profile 

at the focus when scanning the volumetric region with a second line 
density which is less than ibe first line density. 

4. (original) The ulti-asonic diagnostic imaging system of 
Claim 3, wherein adjacent beams overlap at substantially the same 
intensity levels when scanning the volumetric region with the first and 
second line densities, 

5. (original) The ultrasonic diagnostic imaging system of 
Claim 4, wherein the transmit beams satisfy the Nyquist criterion for 
spatial sampling of the volumetric region to substantially the same 
degree. 

6. (original) The ultrasonic diagnostic imaging system of 
Claim 1 , wherein the point spread functions satisfy the Nyquist criterion 
for spatial sampling of the volumeiric region to substantially the same 
degree, 

7. (previously presented) The ultrasonic diagnostic 
imaging system of Claim I, wherein the beam point spread function 
exhibits both an azimuth dimension and an elevation dimension; 

wherein point spread function is symmetrical in both the 
azimuth and elevation dimensions. 

8. (prcvioysly presented > I he ultrasonic diagnostic 
unagHig system of C hiw, 1 wherein ihc beam pomi spread tunctjon 
exhibits both an a/nnuth dimension diid an elcvatfon dimension, 

wherem point spread function is asymmetrical in the azimuth 
and elevation dimensions. 
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9. (previousiy presented) An ultrasonic diagnostic 
imaging system for three dimensional scanning comprising: 

a two dimensional amiy transducer having a plurality of 
transducer elements; 

a beamfonuer coupled to the array transducer whicli causes 
the transducer to scan a volumetric region with a plurality of transmit 
beams and to receive echo information in response to transmit beams, the 
beaniformer controlling the point spread functions of beams transmitted 
and/or recei ved by the beamfbrmer in the azimuth dimension and the 
elevation dimension by control of the aperture function of the array 
transducer; 

an image processor coupled to the beamtbrmer which 
produces image signals in response to the echo infonnation; and 
a display coupled to the image processor, 
wherein the beamformer utilizes a first aperture function 
when the voiumetric region is scanned with a ;first line density and a 
second aperture function when the volumetric region is scanned with a 
second line density. 

10. (previously presented) The ultrasonic diagnostic 
imaging system of Claim 9, wherein the aperture function comprises the 
combination of the elements used in an active aperture of the array 
transducer and the apodization function of the elements of the active 
aperture. 

1 1 . (originai) The ultrasonic diagnostic imaging s>'stem of 
Claim 10, wherein the apodization function is controlled to match the 
point spread function to the line .spacing when scanning the volumetric 
region with the first and second line densities. 

1 2. (original) The ultrasonic diagnostic imaging system of 
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Claim 1 1 , wherein the first line density is greater than the second line 
density; and 

wherein the apodizaiion fnnction is controlled to scan an 
i ncreased depth -of- fieid when scanning the volnmetric region with tlie 
second Une density. 

1 3 . (original) I1ie ultrasonic diagnostic imaging system of 
Claim 10, wherein the apodization function comprises the relative 
weighting of signals of the respective elements of the active aperture 
during a transmission or reception event. 

14. (original) The ultrasonic diagnostic imaging system of 
Claim 9, wherein the first and second aperture functions satisfy the 
Nyquist criterion for spatial sampling of the volumetric region to 
substantially the same degree. 

15. (original) The ultrasonic diagnostic imaging system of 
Claim 14, wherein the first and second aperture functions both 
substantially exactly satisfy the Nyquist criterion for spatial sampling of 
the volumetric region, 

16. (original) The ultrasonic diagnostic imaging system of 
Claim 10, wherein the scanning beams exhibit a substantially constant 
angular sampling density; and 

wherein the apodization function is varied as a fimction of 
beam angle to compensate for transducer acceptance angle effects. 

17. -22. (canceled) 
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AFPENPIX B: EVIDENCE APPENDIX 



None. No extrinsic evidence has been submllted in this case. 
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AFFENBIX C: RELATED PROCEEPINGS AFFENDIX 



None. There are no related proceedings. 
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